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A self-contained analyzer quantitatively detects a clotting 
event in a biological ?uid. The device includes a base having 
an open reservoir for receiving the biological ?uid. A carrier 
for a dried activator reagent is located in or adjacent to the 
open reservoir. The biological ?uid reconstitutes the dried 
reagent and starts the clotting process. During the clotting 
process the ?uid travels through a capillary ?oW channel 
lined With a precision Woven fabric. When clotting is 
completed, the Woven fabric stops the ?oW of the ?uid. A 
colored bar formed by the ?uid ?oWing through the capillary 
channel indicates the length of time required for clotting of 
the sample. 
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METHOD AND DEVICE FOR CLOTTING TIME 
ASSAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present invention claims priority from provi 
sional application No. 60/288,495, ?led May 4, 2001, the 
entire contents of Which are hereby incorporated by refer 
ence. 

MENTION OF GOVERNMENT SUPPORT 

[0002] This invention Was made With government support 
under grant #lR43HL67001-01 aWarded by the National 
Institutes of Health. The government has certain rights in 
this invention. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates generally to clotting 
time testing, such as prothrombin time (PT) testing and, 
more speci?cally, to disposable clotting time testing devices 
and methods for assaying the clotting time of biological 
?uids Without the aid of an instrument. 

[0005] 2. Description of the Background Art 

[0006] Keeping blood in a ?uid state, termed hemostasis, 
requires a subtle balance of pro- and anti-coagulants. Pro 
coagulants prevent excessive bleeding by blocking blood 
?oW from a damaged vessel, Whereas anticoagulants prevent 
clots from forming in the circulation Which could otherWise 
block blood vessels and lead to myocardial infarction. 

[0007] The biochemical sequence leading to a blood clot 
is termed the coagulation cascade. The mechanism is based 
on catalytic conversion of ?brinogen, a soluble plasma 
protein, to insoluble ?brin. The enZyme catalyZing this 
reaction is thrombin, Which does not permanently circulate 
in the blood in an active form, but exists as prothrombin, the 
inactive precursor of thrombin. Conversion to thrombin 
occurs in the presence of calcium ions and tissue thrombo 
plastin. This mechanism is knoWn as the extrinsic pathWay. 
A second, more complex, intrinsic pathWay is activated by 
clotting factors associated With platelets. 

[0008] There are an estimated tWo million patients With 
cardiovascular disease in the United States Who are currently 
on anticoagulation therapy. Thirty percent of these patients 
are “high risk” for subsequent complications. Complica 
tions, When they occur, account for 400,000 hospitaliZations 
and 200,000 deaths annually in the United States. Therefore, 
it is important to monitor these patients frequently to help 
prevent hemorrhagic and thromboembolic complications. 
Monitoring is accomplished by measuring the patient’s 
blood clotting time, more speci?cally, prothrombin time, 
usually Weekly. During initial adjustment of anticoagulation 
medication, testing may occur more frequently than Weekly. 

[0009] Diagnosis of hemorrhagic conditions such as 
hemophilia, Where one or more of the tWelve blood clotting 
factors may be defective, can be made using a coagulation 
test. In addition, several tests have been developed to 
monitor the progress of thrombolytic therapy. Other test 
have been developed to signal a prethrombolytic or hyper 
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coagulable state, or monitor the effect of administering 
protamine to patients during cardiopulmonary bypass sur 
gery. 

[0010] Currently, all prothrombin time testing is con 
ducted on some form of instrumentation. These instruments 
range from desktop units used in clinical laboratories to 
small portable units designed to be used for point of care 
applications. The convenience of self-testing at home is the 
most effective means for driving patient compliance. 
Although portable instruments designed for home use are 
available, the high initial cost, the complexity of quality 
control, and the inconvenience of refrigerated storage of the 
reagent has not created a Wide acceptance of these instru 
ments by the patients. Thus, there exists a need for a 
non-instrumented clotting time test device that is simple to 
use, light in Weight, inexpensive, and accurate. 

[0011] The prothrombin test Was ?rst described by A. J. 
Quick,Am. J. Med. Sci 190:501 (1935), and involved mixing 
tissue thromboplastin With blood, under controlled condi 
tions, to initiate coagulation via the extrinsic pathWay. The 
standard laboratory technique for coagulation testing usually 
uses a turbidimetric method, such as described in US. Pat. 
No. 4,497,774. In this test, citrated plasma is mixed With 
tissue thromboplastin at 37° C., and measurement is based 
upon optical density. An alternative method using calori 
metric measurement is also described by Beker et al. in 
Hemostatis 12:73, 1982. 

[0012] Moyer et al., in US. Pat. No. 3,951,606, ?rst 
disclosed a manually operable disposable device Which has 
a uniform bore reaction tube and limiting ori?ce for pro 
thrombin time testing. A blood sample is applied to the 
device and mixed With activator reagent. The gravity-as 
sisted ?oW travels through the reaction tube and halts When 
the blood clots. The distance traveled by the sample is 
proportional to the prothrombin time. Unfortunately, this 
device is difficult to fabricate and the end point generated is 
unstable because the How continues sloWly even after clot 
ting has occurred. 

[0013] US. Pat. No. 5,628,961, discloses an apparatus for 
conducting a variety of assays that are responsive to a 
change in the viscosity of a ?uid sample. A reversible pump 
is used to move the ?uid sample, making this device rather 
cumbersome. 

[0014] Point of care Whole blood prothrombin time instru 
ments are described in US. Pat. Nos. 4,756,884 and 4,963, 
498. These instruments include cassettes With capillary 
channels in Which the instrument monitors the change of 
How of clotting blood. US. Pat. No. 5,004,923, describes 
additional optical and mechanical features of the instrument 
and cartridge that perform prothrombin time assays. 

[0015] Other methods for measuring blood clotting 
include an instrument that measures the change of the ?eld 
of magnetic particles inside disposable channels (US. Pat. 
No. 5,350,676); an instrument With miniature pumps and 
disposable cassettes With narroW restriction that plug up 
upon the clotting of blood (US. Pat. Nos. 5,591,403 and 
5,731,212); a solid phase membrane With a dry reagent that 
contains a substrate Which produces a detectable signal upon 
activation by a component of the coagulation pathWay (US. 
Pat. No. 5,418,141); an instrument that uses a liquid crystal 
to measure clotting (US. Pat. No. 5,908,786); and pieZo 
electric means to detect clotting (US. Pat. No. 6,200,532). 
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[0016] US. Pat. No. 5,087,556, describes a non-instru 
mented measuring device Which uses a How channel With a 
detection ?lm inside. This device, however, is not for use in 
conducting a clotting test. US. Pat. No. 4,756,884, teaches 
the use of a capillary channel containing reagent for esti 
mating the ?oW change of blood. Although the surface 
energy inside the capillary channel, Was de?ned, there is no 
description of hoW to control the How stoppage of the blood 
upon clotting. 

[0017] US. Pat. No. 6,113,855, describes a capillary ?oW 
channel including capillary-inducing structures, hexagonal 
and other geometric shapes, in Which one end of the How 
channel is deeper than the other end. There is no indication 
that this device can be used for clotting assays. Exner, in 
US. Pat. No. 5,601,995, discloses a method for estimating 
coagulation time by measuring the extent and rate of spread 
ing of a blood sample deposited onto a porous sheet. ZWeig 
et al., in US. Pat. No. 5,418,141, disclose test articles 
suitable for prothrombin time testing that comprise a solid 
phase membrane having dry thromboplastic immobiliZed 
thereon or Within. A blood sample is applied to the appli 
cation side, and a ?uorescent signal is measured on the other 
side of the membrane. 

[0018] Oberhardt et al. disclose another format in YU.S. 
Pat. Nos. 5,110,727 and 5,350,676, based upon the use of 
magnetic particles mixed into a dry reagent contained Within 
a ?at capillary chamber. An applied oscillating magnetic 
?eld causes the particles to oscillate once the reagent is 
dissolved in blood. When the blood clots, the motion is 
diminished and the prothrombin time is estimated. Davis et 
al., in US. Pat. No. 5,628,961, disclose a method and device 
that respond to changes in the viscosity of a ?uid sample 
using a reciprocating pump. 

[0019] Thus, there remains a need for an inexpensive, 
non-instrumented disposable device for quantitative deter 
mination of prothrombin time that is both accurate and 
simple to use. 

SUMMARY OF THE INVENTION 

[0020] It is an object of the present invention to overcome 
the aforesaid de?ciencies in the background art. 

[0021] It is another object of the present invention to 
provide a self-contained quantitative analytical device that 
detects the end point of a clotting and agglutinating process. 

[0022] It is another object of the present invention to 
provide a method for quantifying a clotting or agglutinating 
event. 

[0023] The present invention relates to an analytical 
device for detecting a clotting or agglutinating event in a 
clottable or agglutinatable biological ?uid comprising: 

[0024] a. a capillary ?oW channel means through 
Which the ?uid may How and in Which the clotting or 
agglutinating event can occur; 

[0025] b. A reagent to react With the clottable or 
agglutinatable biological ?uid to produce a clot; and 

[0026] c. A control means for controlling the How 
rate of the clottable biological ?uid and the usual 
appearance of the clot. 

Dec. 12, 2002 

[0027] In a preferred embodiment, the device of the 
present invention contains a sample accepting area, a dried 
thromboplastic activator Which optionally is impregnated on 
a reagent pad, a capillary channel that has a hydrophilic 
inner surface for draWing the sample along the channel and 
a hydrophilic Woven fabric surface that controls the ?oW, 
provides Wicking action, and alloWs the clotted or aggluti 
nated mixture to anchor onto the fabric surface and stop 
?oW. 

[0028] The present invention also provides a method for 
quantifying the time for a clotting or agglutinating event 
using the device of the present invention. A sample ?uid is 
received in the sample accepting area, and the sample ?uid 
is mixed With reagent. The mixture is draWn through the 
capillary channel by capillary and/or Wicking action. The 
How of the sample mixture through the How channel stops 
When the clotting or agglutinating event occurs. 

[0029] For purposes of the present invention, “clotting 
event” and “agglutinating event” mean the endpoints of clot 
formation or agglutination, and can be used interchangeably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 shoWs a plan vieW of the device according 
to the present invention. 

[0031] FIG. 2 shoWs a side vieW of the device according 
to the present invention. FIG. 2a shoWs the optional reagent 
pad located on the top of the channel. FIG. 2b shoWs the 
optional reagent pad located on the bottom of the channel. 

[0032] Figure Legends 

100 clotting measurement device 
10 hydrophilic ?lm bottom 
20 spacers 
30 precision Woven fabric 
40 top ?lm 
50 reagent pad 
60 capillary flow channel 
70 open reservoir 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0033] The device of the present invention is a self 
contained analyZer that quantitatively detects a clotting 
event in a clottable biological ?uid such as Whole blood, or 
an agglutinating event in a sample, such as agglutination of 
latex beads. As shoWn in FIG. 1, the device 100 comprises 
a bottom 10 made of hydrophilic ?lm, spacers 20, Woven 
fabric 30, and a clear top ?lm 40. An optional reagent pad 
50 is located at the front of the capillary ?oW channel 60. 

[0034] In a preferred embodiment of the invention the 
bottom 10 is made of a hydrophilic ?lm. This hydrophilic 
?lm is present in order to make it possible for the sample 
?uid to traverse the device until a clotting event occurs. 
HoWever, the hydrophilic surface may be any surface Which 
is in contact With the precision Woven fabric, or other device 
Which stops the sample ?uid ?oW once a clotting or agglu 
tinating event occurs, Which hydrophilic surface serves to 
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help the sample ?uid traverse the device. The top ?lm also 
enhances the capillary ?oW of the sample through the 
device. 

[0035] In another embodiment, the reagent is coated or 
layered directly onto the bottom of the device in a position 
in Which the sample contacts the reagent immediately on 
introduction into the device through the open reservoir. 

[0036] In use, biological ?uid is introduced into the open 
reservoir 70 and contacts the reagent pad 50. The biological 
?uid reconstitutes the dried reagent on the reagent pad 50 
and begins the clotting or agglutinating process. The bio 
logical ?uid and reconstituted reagent are draWn into chan 
nel 60 connected to the open reservoir 70 by capillary and/or 
Wicking action. The ?oW of the ?uid inside the channel stops 
When clotting occurs. The channel 60 contains a hydrophilic 
surface and a precision Woven fabric. The surface energies 
of the hydrophilic surface and the precision Woven fabric are 
carefully adjusted to control both the ?oW rate and the visual 
appearance of the end point of the clotting process. The 
channel 60 can be made of a Wide variety of materials in a 
Wide variety of geometric con?gurations. For example, the 
channel can be round, rectangular, or oval in shape, and can 
be made of polymers such as polyethylene, polyester, or 
polystyrene. Any type of material can be used, so long as it 
is hydrophilic either inherently or after being treated to 
render it hydrophilic. Other suitable plastics With high 
surface free energies and loW Water sorption that can be used 
to form the capillary channel include glycol modi?ed poly 
ethylene terephtalate (PETG), polycarbonate, polyvinyl 
chloride, and styrene-acrylonitrile. HoWever, since these 
materials are hydrophobic and exhibit poor blood ?oW, they 
are preferably rendered hydrophilic by treatment With argon 
plasma, using a plasma etcher or corona discharge. Suitable 
conditions are 10-25 Watts at 13.56 MHZ and one torr 
chamber pressure for 5-10 minutes. Alternatively, a protein 
such as albumin can be used to coat the surface by passing 
a solution through the device having from about 1-5% serum 
albumin, alloWing the solution to stand for 30 minutes, 
Wiping, and drying. Plasma etching and corona discharge 
provide markedly superior hydrophilicity, thus enhancing 
the capillary action of the device. 

[0037] The void volume of the channel is the most impor 
tant parameter With respect to precision and accuracy of the 
device. The dimensions of the channel are preferably main 
tained to a ?ne tolerance. A typical dimension for the 
channel is about 0.8-1.2 mm in Width, about 0.08-0.12 mm 
in and about 5 cm to about 15 cm in total length. Preferably, 
the channel is 1 mm in Width, 0.1 mm in height, and 10 cm 
in length. The hydrophilic channel provides a self-metering 
feature for the device. 

[0038] The hydrophilic character of the materials used for 
making devices according to the present invention must be 
carefully controlled. The surface energies of these surfaces 
should be in the range of about 35 to about 70 dynes per cm. 
This can be tested using calibrated dyne testing solution 
(Diversi?ed Enterprise, Clairmont, The hydrophilic 
character of the surfaces can be controlled by surface 
treatments knoWn in the art, such as corona discharge or 
plasma treatment. Alternatively, or in conjunction With such 
treatment, a hydrophilic polymer such as polystyrene doped 
With AMPACETTM anti-fog additive (Ampacet, Tarrytown, 
NY.) can be used for making the channel, or a hydrophilic 
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coating such as polyvinyl alcohol or protein or a blended 
coating can be applied and dried onto a non-hydrophilic 
surface to achieve the desired hydrophilicity to enhance 
capillary ?oW through the capillary channel. 

[0039] The precision Woven fabric 30 inside the channel 
60 is an important element of the device. The fabric inside 
the channel helps to control the ?oW rate of the sample ?uid 
and provides the clotting or agglutinating mixture a place to 
anchor itself, thus providing a very sharp visual end point. 
For purposes of the present invention, “precision Woven 
fabric” means a fabric Which is Woven With precise dimen 
sions, i.e., the dimensions required for trapping a clot in the 
capillary channel, as set forth beloW. Without a precision 
Woven fabric in the channel 60, the clotted or agglutinated 
mixture Will continue to move, albeit sloWly, after the 
clotting or agglutinating process, making it impossible to 
read the end point accurately. The precision Woven fabric 
can be made of suitable materials such as polyester, poly 
ethylene, nylon, or other polymers or copolymers. The mesh 
siZe of the fabric should be from about 105 to about 526 
microns. When the mesh siZe is greater than about 526 
microns, only one or tWo threads run the length of the open 
channel, and the bene?t of the Woven fabric for ?oW control 
and anchor support is lost. When the mesh siZe is beloW 
about 105 microns, the Weave is too dense to act as a ?oW 
control and anchor support, and is more in the nature of a 
smooth rather than a Woven surface. 

[0040] FIGS. 2a and 2b shoW side vieWs of the device 
100. FIG. 2a shoWs the optional reagent pad 50 located on 
the top of the capillary ?oW channel (not shown). FIG. 2b 
shoWs the optional reagent pad 50 located on the bottom of 
the capillary ?oW channel (not shoWn). 

[0041] The method and apparatus of the present invention 
are used to measure the prothrombin time of Whole blood, as 
Well as other speci?c assays using the clotting principle can 
also be conducted With this method and device. Examples of 
these include other coagulation tests such as activated pro 
thrombin time, mastitis test using the California Mastitis 
Test reagent, entodoxin test using the LAL reagent, latex 
agglutination immunoassays, and lactin based agglutination 
tests. If the test is one in Which a clot or agglutination forms 
Within a certain period of time, the test can be conducted in 
the device of the present invention. The length of the bar 
formed prior to the clotting or agglutinating event may be 
adjusted for different assays by altering the surface energy or 
dimensions of the capillary channel, depending on the 
particular assay to be conducted. 

[0042] More than one scale on the device may be desir 
able. Although citrated plasma and citrated Whole blood 
scale factors or straight line equations have been observed to 
be essentially identical for a given batch of reagent, the scale 
factor for blood including an anticoagulant is typically 
different. It is therefore important to identify the sample and 
then select the appropriate scale factor. 

[0043] The scale factor mat be obtained by comparing 
clotting or agglutinating results using the sample type plot 
ted against the results of the same samples run as samples on 
a conventional analyZer. One then obtains the equation or 
table Which compares the tWo sets of values, Which is then 
used as a scale factor. 

[0044] It Will be clear to those skilled in the art that the 
method and device of the present invention may equally be 
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used to measure the propensity of a liquid to change from a 
coagulated state to a liquid state. After clotting of the test 
sample has occurred, the clot may be subjected to a lytic 
agent Which returns the sample to the liquid state. In this 
case, the “clotting event” that is measured is the dissolution 
of the clot by the reagent in the device. 

[0045] The following examples are provided as speci?c 
embodiments of the present invention, and are not intended 
to limit either the device or method of the present invention. 

EXAMPLE 1 

[0046] An individual test device for prothrombin time is 
constructed by using a hydrophilic polymer coated plastic 
(Adhesive Research, PA), of the bottom of the device 10. 
Polyester spaces 20 are added on tWo sides of the bottom 10 
to form a How channel 60. A clear polyester backed poly 
ester precision Woven fabric (mesh siZe 105, Sefar, NY.) 
with the fabric on the top side is placed onto the base. The 
How channel has a Width of 1 mm and a length of 13 cm. The 
reagent pad 50 is made of high density polyethylene (PoreX, 
Fla.). The air-dried activator Was recombinant thromboplas 
tin from International Technidyne Corp (ITC, Edison, N.J 
Thirty ?ve microliters of ?ngerstick Whole blood Was depos 
ited into the sample Well 70, and the bar length of the clotted 
red colored Whole blood sample Was recorded at the end 
point. Anormal sample With 1.2 INR units gave a sharp and 
?at end point With a bar length of 4.8 cm. An abnormal 
sample With 4.8 INR units gave a sharp and ?at end point 
With a bar length of 9.9 cm. 

[0047] For a prothrombin time test, the INR units correlate 
directly With a shorter bar length. That is, the loWer the INR 
units, the faster is the PT time, and thus the shorter is the bar 
length. The scale on the capillary channel is calibrated by 
using control samples. Changing the Width of the height or 
the Width of the channel changes the volume, and it is 
important that the channel Width not be too Wide so that the 
blood is able to travel a measurable distance prior to the 
clotting event. 

EXAMPLE 2 

[0048] Precision studies Were carried out With normal and 
abnormal control samples With devices constructed as in 
EXample 1. With n=10 runs per sample type, the precision 
obtained Was 9.0% for the normal samples and 10.4% for the 
abnormal samples based on bar length measurements. Com 
parison studies With a POC PT instrument (ProTime, ITC, 
Edison, N.J yielded a correlation coefficient of 0.87 using 
Whole blood samples With a range of 1.0 to 4.0 INR units. 

[0049] The foregoing description of the speci?c embodi 
ments Will so fully reveal the general nature of the invention 
that others can, by applying current knowledge, readily 
modify and/or adapt for various applications such speci?c 
embodiments Without departing from the generic concept, 
and, therefore, such adaptions and modi?cations should and 
are intended to be comprehended Within the meaning and 
range of equivalents of the disclosed embodiments. It is to 
be understood that the phraseology or terminology 
employed herein is for the purpose of description and not of 
limitation. 
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[0050] All references cited herein are hereby incorporated 
in their entirety. 

What is claimed is: 
1. An analytical device for detecting a clotting or agglu 

tinating event in a clottable or agglutinatable biological ?uid 
comprising: 

a. a capillary ?oW channel means through Which the ?uid 
may How and in Which the clotting or agglutinating 
event can occur; 

b. a reagent to react With the clottable or agglutinatable 
biological ?uid to produce a clot or agglutination; and 

c. a control means for controlling the How rate of the 
clottable or agglutinatable biological ?uid and the usual 
appearance of the clot or agglutination. 

2. The device according to claim 1 Wherein the control 
means is a precision Woven fabric. 

3. The analytical device according to claim 2 Wherein the 
precision Woven fabric has a mesh siZe of from about 105 
microns to about 526 microns. 

4. The analytical device according to claim 1 Wherein the 
capillary channel is about 0.8 mm to about 1.2 mm in Width, 
from about 0.08 to about 0.12 mm in height, and from about 
5 to about 15 cm in length. 

5. The analytical device according to claim 4 Wherein the 
capillary channel is about 1 mm in Width, about 0.1 mm in 
height, and about 10 cm in length. 

6. The analytical device according to claim 1 Wherein the 
surface energy of at least one surface of the capillary ?oW 
channel is from about 35 to about 70 dynes per cm. 

7. The analytical device according to claim 1 Wherein the 
reagent is carried in a reagent pad. 

8. A method for measuring the clotting or agglutination 
time of a sample comprising: 

a. introducing a sample into an analytical device accord 
ing to claim 1; 

b. alloWing the sample to contact the reagent and How 
through the capillary ?oW channel forming a colored 
bar until clotting or agglutination occurs; 

c. measuring the length of the colored bar. 
9. The method according to claim 8 Wherein prothrombin 

time is measured. 
10. The method according to claim 8 Wherein agglutina 

tion of lateX beads in a sample is measured. 
11. In an analytical device for detecting a clotting or 

agglutination event, the improvement comprising detecting 
the event in a capillary ?oW channel Which provides a fabric 
means for controlling the How rate of the ?uid. 

12. The device according to claim 10 Wherein the fabric 
means is a precision Woven fabric. 

13. The device according to claim 11 Wherein the preci 
sion Woven fabric has a mesh of from about 105 microns to 
about 526 microns. 


